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, $c_{k}$ : $0\leq k\leq 2K-1$ . $\delta_{k,l}$ Kronecker
delta . ,
, $\phi(x),$ $\psi(x)$ . $\phi(x)$ scaling function, $\psi(x)$
mother wavelet function . , $\phi_{j,k}(x)=\phi(2^{j}x-k)$ ,
$\psi_{j,k}(x)--\psi(2^{j}3-k)$ , Wavelet .
, $\phi(x)$ $\psi(x)$ . , Filter , $c_{k}$
, , $l$ , $c_{h}=c_{2\iota_{-k}}$
.
, (1) $-$ . , , $K\geq 4$ ,
$2^{[K/2}]-1$ . , F ter
. [1] $2\leq K\leq 10$ , Daubechies ”
” ” . [3] Daublets
, Symmlets . [1]
$-$ , . ,
, 16 ,
. Daublets $2\leq K\leq 25$
, [7]. , Spectral
Factorization , $2\leq K\leq 70$ Daublets, $2\leq K\leq 40$
Symmlets, $2\leq K\leq 70$ , Symmlets Fiter
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( Lasylets ) . Filter
, .
2. Wavelet Filter - $-$ .
(1) , ,
$\sum_{k=0}^{K-1}(-1)^{kl}kch=-\sum_{h=K}^{2K}(-1)^{kl}kc-1k$ : $0\leq l\leq K$
.
$-1$ (3)
, $c_{k}$ : $0\underline{<}k\leq K-1$ $K$ $-$
. ,
$K-1$
$c_{k}= \sum\alpha_{k;+}\iota c_{lK}$ : $0\leq k\leq K-1$ (4)
$l=0$
. , (1) $-$ , (1)
$f_{k}= \sum\sum\beta_{j,l}[h]\mathrm{o}K-1jc_{j+\iota+0}KcK-\frac{1}{2}\delta_{k},=$ : $0\leq k\leq K-1$ (5)
$.j=0l=0$
. , $c_{h}$ : $K\leq k\leq 2K-1$ $K$
. Newton-Raphson . (4)
, $c_{k}$ . (5) , $\mathrm{c}^{(0)}=(c_{K}^{(0)}, C_{K}C)^{T}(0)\ldots(+1" 2K-10)$
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$( \frac{1+e^{-:\zeta}}{2})^{K}\Lambda(\xi)$ , $\Lambda(\xi)=\sum_{=j0}^{K-1}\lambda je^{-}ij\xi$ (12)
. $\lambda_{j}$ $K$




[1]. $|\Lambda(\xi)|^{2}$ , (12) ,
$| \Lambda(\xi)|^{2}=(\sum_{j=0}^{K-1}\lambda j\cos j\epsilon)^{2}+(\sum_{j=0}^{K-1}\lambda j\sin j\xi)2-1\epsilon=\sum\sum^{K}\lambda_{j}\lambda h\mathrm{c}\mathrm{o}s(j-k)K-1j=0h=0$
$= \sum_{j=0}^{K-1}\lambda_{j}^{2}+2K-1k\sum$
.
$( \sum_{0}\lambda j\lambda j+=1K-1j=)-kh\cos k\xi$ (15)
$= \sum_{k=0}^{K-1}sk(\mathrm{c}\mathrm{o}s\xi)h=\sum_{k=0}^{K-1}S_{k}(1 - 2\sin^{2}\frac{\xi}{2})^{k}=P(s\mathrm{i}\mathrm{n}^{2}\frac{\xi}{2})$
. $P(y)$ $y$ $K-1$ .
$|\Lambda(\xi+\pi)|^{2}=P(\mathrm{c}\mathrm{o}s^{2_{\frac{\xi}{2}}})$ , $\frac{1+e^{-*\xi}}{2}.=\cos\frac{\xi}{2}\cdot e^{-*}.\xi 2$ (16)
, (14) $,(12)$










. , $A_{h}$ : $0\leq k\leq_{-K-1}$
. (15) $,(20)$
$\frac{1}{2}\sum_{j=0}^{K-1}\lambda_{j}^{2}+\sum_{=k1}(^{K-}\sum_{=0}^{k}\lambda j\lambda K-1j)j+k\mathrm{c}\mathrm{o}sk\xi=1-\frac{A_{0}}{2}+\sum_{1k=}^{K1}-Ak\mathrm{c}\mathrm{o}sk\xi$ (21)
. , $K$ ,
$\sum_{j=0}^{K1}\lambda-j2=A_{0}$
’ . $K-1-j= \sum_{0}^{k}\lambda j\lambda.j+h=A_{k}-$ : $1\leq k\leq K$ –1 (22)
. Newton-Raphson , (12) Wavelet Fiter
. . [1]
p.196 Daublets $\lambda_{j}$ : $0\leq j\leq K-1$ $2\leq K\leq 10$
(– ).
4. Wavelet Fiter - .
$\check{}\text{ }$
. Spectral Factorization , (9) $m_{0}(\xi)$
$z=e^{-i\mathrm{f}}$ . ,
$m \sigma(\xi)=\sum_{0h=}^{2}CkeK-1-\backslash ik\mathrm{f}=(\frac{1+e^{-i\xi}}{2})^{K}\Lambda(\xi)$ (23)
$| \Lambda(\xi)|22=A_{0}+\sum_{k=1}^{K1}-Ak\mathrm{c}\mathrm{o}sk\xi=A0+\sum_{=}^{\iota}Kk1-Ah(e^{-ik}+e^{i})\xi k\epsilon$ (24)





$2K-2$ . (25) , $r_{l}$
, $r_{l}1$ . , $z_{j}$ , $z_{j}^{-1},\overline{z}_{j},$ $\text{ ^{}-1}$ .
, $\ominus_{K}(z)\vee$
$\ominus_{K}^{\vee}(\mathcal{Z})=A_{K}-1[_{\iota}\coprod(z-r_{l})(_{Z}=1I-r-1)\iota]\cdot[_{j\backslash }\prod_{=1}^{J}(z-Z_{j})(z-\overline{Z}j)(_{Z}.-z^{-1})(_{Z}-\overline{z}_{j}-1)j]$ (27)
. , $I+2J=K-1$ . ,
$A_{K-1}= \frac{(-1)^{K-1}}{4^{K-1}}$ (28)
. , $z=e^{-*\epsilon}$ ,
$|(e^{-i\mathrm{f}}-r\iota)(e-\dot{l}\mathrm{f}-r_{l}-1)|=|-r^{-1}\iota e-i\epsilon_{(r)(e}e-i\zeta-\iota i\epsilon_{-\prime}’\iota)|=|r\iota|^{-1}|e^{-}*\cdot\zeta-r\iota|2$ (29)
,
$|(e^{-*\epsilon_{-}i\epsilon-1}.z_{j})(e--\overline{Z}j)|=|Zj|-1|(e^{-}it_{-})(\overline{z}_{j}-et:)|=|zj|-zj1|e-*\cdot \mathrm{f}-z_{j}|^{2}$ (30)





$\Lambda(\xi)=[|A_{K-1}|\prod_{=l1}^{I}|rl|-1\prod_{j=1}^{J}|zj|^{-2}]1/2.\square \square (e^{-i\xi}-r\iota)(e^{-2i}-\zeta 2e-i\epsilon_{\Re_{Z_{j}}}+|_{Z_{j}|^{2})}l=1Ij=1j(32)$
.
, $m_{0}(\xi)$ . ,
$m_{0}( \xi)=.\sum_{k=0}2K-1C_{k}e^{-:}-k\epsilon_{-}(\frac{1+e^{-*\zeta}}{2}.)^{K}A(\xi)$
$=( \frac{1+e^{-\dot{*}}\epsilon}{2})^{K1/2}[|A_{K1}-|\prod_{=\iota 1}^{I}|\check{r}\iota|-1\square |\check{z}_{j}|^{-2}]j=1j$ (33)
$\cross.\prod_{=l1}^{I}(e-i\epsilon-’\check{r}\iota)\prod(e^{-}j=J1\check{z}2i\mathrm{f}-2e-i\zeta\Re j+|\check{Z}j|^{2})$
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. $\check{r}_{l},\check{z}_{j}$ $2K-2$ ,
$z^{K-1} \ominus K(_{Z})=z^{K1}-[A_{0}+\sum_{k=1}Ak(_{Z}^{h}+\frac{1}{z^{k}})]K-1.=0$ (34)
. $2\leq K\leq 70$ , $n$ ,




. , $r_{1}>1$ , $sz_{j}\triangleright>0,$ $|z_{j}|>1$ . , $\prime r_{l},$ $z_{j}$
, – . $r_{1}\neq|z_{j}|,$ $|z_{k}|\neq|z_{j}|$ : $j\neq k$
. $z_{j}$ , $|z_{1}|>|z_{2}|>\cdots>|Zj-1|>|z_{J}|$ . ,
$r_{1}>|z_{1}|>\cdots>|z_{J}|$ , $0=\arg r_{1}<\arg z_{1}<\arg z_{2}<\cdots<\arg z_{j}<\pi/2$
.
, $m_{0}(\xi)$ $|m_{0}(\xi)|$ ,
$\arg m_{0}(\xi)=\arctan(\frac{sm_{0}\triangleright(\xi)}{\Re m_{0}(\xi)})$ (36)
. , $0\leq\xi\leq\pi$ .
$( \frac{1+e^{-i\epsilon}}{2})^{K}=(\mathrm{c}\mathrm{o}s\frac{\xi}{2}\cdot e^{-}i\xi)^{K}2$ (37)
,
$|( \frac{1+e^{-i\epsilon}}{2})^{K}|=(\mathrm{c}\mathrm{o}s\frac{\xi}{2})^{K}$ , $\arg(\frac{1+e^{-i\xi}}{2})^{K}=-\frac{K\xi}{2}$ (38)
. , $e^{-i\xi}-\check{r}\iota=e^{-i\xi/-}2(ei\mathrm{f}/2-\check{r}_{l}e^{i\mathrm{f}/})2$ $\text{ }$ il $\{’ 2$ ,









. $\Phi(\check{r}_{l}, \epsilon),$ $\Psi(\check{z}j, \xi)$ $\xi$ , $\overline{\Phi}(\check{r}_{l}, 0)=0.\overline{\Psi}(\check{z}_{j}, \mathrm{o})=\dot{\mathrm{o}}$
. , $\hat{\Phi}(\check{r}_{l}, \xi),\hat{\Psi}(\check{Z}_{j}, \xi)$ ,
$\hat{\Phi}(\check{r}_{l}, \xi)=\overline{\Phi}(\check{r}_{l}, \xi)-\frac{\xi}{\pi}\overline{\Phi}(\check{r}\iota, \pi)$ , $\hat{\Psi}(\check{z}_{j}, \xi)=\overline{\Psi}(\check{Z}j, \xi)-\frac{\xi}{\pi}\overline{\Psi}(\check{z}_{j}, \pi)$ (41)










$\check{r}_{l}=r_{l}$ $\check{r}\iota=r_{l}-1$ $|m_{0}(\xi)|$ . $\arg m_{0}(\xi)$
. $\check{z}_{j}=z_{j}$ $\check{z}_{j}=z_{j}^{-1}$ .
$\check{r}\iota=r\iota$ $:1\leq l\leq I,\check{z}_{j}=z_{j}.:1\leq j\leq J$ Filter , $c_{k}$ : $0\leq k\leq$
$2K-1$ $\mathrm{D}\mathrm{a}\mathrm{u}\mathrm{b}\mathrm{l}\mathrm{e}\mathrm{t}S[3]$ , Filter ,
Filter . , $2\leq K\leq 70$
.
$Nl[ \arg m_{0}(\xi)]=\sum_{\iota=1}^{I}\hat{\Phi}.(\check{r}\iota., \xi)+\sum\hat{\Psi}(\check{z}j, \epsilon)j=1J$ (44)
, $\check{r}_{l},\check{z}_{j}$ Filter , $c_{h}$ : $0\leq k\leq 2K-1$
$\mathrm{S}\mathrm{y}\mathrm{m}\mathrm{m}\mathrm{l}\mathrm{e}\mathrm{t}_{\mathrm{S}}[3]$( $=\mathrm{t}\mathrm{h}\mathrm{e}$ least asymmetric F ters[l]) , $\text{ }’ \mathrm{E}$
. Filter . F ter , $\check{z}_{j}$
$2^{[K/2]-1}$ $K$
. , $4\leq K\leq 40$ .
, . , (39) $,(40)$ , $\overline{\Phi}(\check{r}\iota, \xi)$ ,
$\overline{\Psi}(_{\check{Z}_{j},\xi)}$
$=/1$ $\mathrm{A}\backslash$
$=J$ -c $=/1$ $.\backslash$ -. $-$
$\overline{\Phi}(\frac{1}{r_{l}},$ $\xi)=-\overline{\Phi}(r\iota, \xi)$ , $\overline{\Psi}(\frac{1}{z_{j}},$ $\xi)=-\overline{\Psi}(z_{j}, \xi)$ (45)
. , $\overline{\Psi}(z_{j}, \xi)$ $\overline{\Psi}(z_{j+1}, \xi)$ . , $\check{r}_{l}$ ,
, $K$ $r_{1},$ $z_{1,2,\}-1Z$$z-1,$ $\cdots$ , $K$
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$Z_{1},$ $Z_{2^{-1}},$ $z3,$ $Z_{4^{-}}1,$ $\cdots$ .
, ,
1 111
$K=4n$ $r_{1},$ $–,$ $z2,$$—\wedge,$ $\cdots,\mathrm{I}Z_{J1}-,-$
$z_{1}$ $z_{S}$ $Zj$





$K=4n+2$ $r_{1},$ $–Z_{2}-,,$ $\div,$ $\cdots,$ $arrow,$ $z_{j}$
$z_{1}$ $z_{3}$ $z_{J-1}$
$1$ 1 1$K=4n+3$ $z_{1},.--,$ $z\epsilon,$ $–,$ $\cdots,$ $arrow,$ $z_{J}$
$z_{2}$ $z_{4}$ $z_{J-1}$
$\arg m_{0}(\xi)$
. , $4\leq K\leq 70$ F ter
. $\mathrm{L}\mathrm{a}\mathrm{s}\mathrm{y}\mathrm{l}\mathrm{e}\mathrm{t}_{S}$( $=\mathrm{L}\mathrm{e}\mathrm{S}\mathrm{S}$ ASYmmetric $\mathrm{w}\mathrm{a}\dot{\mathrm{v}}\mathrm{e}\mathrm{L}\mathrm{E}\mathrm{T}\mathrm{s}$ fflters) .
5. scaling .
scaling mother wavelet $\emptyset(k)$ : $1\leq k\leq 2K-2$
. $\emptyset(k)$
. $[6]_{\mathrm{P}^{13}},.2$ , $\phi(k)$ ,
$\phi(x)=2\sum^{2K}h=0-1C_{h}\phi(2X-k)$
. ’ $\sum_{h=0}^{2K-}\emptyset(k)=11$ (47)






$c_{2j-k}$ : $2j-2K+1\leq k\leq 2j$ ,
$0:k\leq 2j-2K,$ $k\geq 2j+1$
. (48)
. , $\phi(k)$ : $1\leq k\leq 2K-2$ .
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